Acute hypotension, transient hypoxaemia and elevation of pulmonary artery pressure are well known to occur during cemented arthroplasty. The aim of this prospective clinical study was to characterize the relationship between plasma concentrations of atrial and brain natriuretic peptides (ANP, BNP), and changes in blood pressure in patients undergoing hip arthroplasty. Elevated ANP and BNP levels may be markers of inadequate myocardial reserve. We measured plasma ANP and BNP levels before the operation and 20 minutes after the cementing in 18 patients (54-90 yr). We defined a hypotensive response after cementing as a decrease in systolic blood pressure of more than 15 mm Hg below the pre-cementing value. In the hypotensive group, preoperative values of ANP were 123±48.5 pg/ml and BNP, 138±71.7 pg/ml. These values are significantly greater than those in the normotensive group (ANP 35.9± 7.7, and BNP 17.2±3.2 pg/ml). High preoperative values of ANP and BNP are associated with more hypotension during cemented arthroplasty and could provide an indication of which patients are at risk of this complication.
Acute hypotension, transient hypoxaemia and elevation of pulmonary artery pressure are well known to occur during cemented arthroplasty both in patients and in animals. Fat embolism has been implicated and both venting 1 and lavage 2 of the intramedullary canal before insertion of the cement and prosthesis have been shown to reduce these cardiorespiratory changes. Even with application of these techniques, intraoperative embolism was detected with transoesophageal echocardiography in 90% to 98% of total hip arthroplasty patients [3] [4] [5] [6] .
Arterial hypotension is a result of a reduced left ventricular preload and the failure of the right ventricle to compensate for the increased pulmonary vascular resistance 7, 8 . Changes in arterial pressure depend therefore on the grade of embolism and functional cardiac reserve.
Atrial natriuretic peptide (ANP) and brain natri-uretic peptide (BNP) are cardiac hormones with similar actions and potency in humans. Ikeda and colleagues showed that preoperative plasma BNP and ANP levels correlated highly with preoperative left ventricular end-systolic wall stress in patients with aortic stenosis 9 . The aim of this prospective clinical study was to characterize the relationship between plasma concentrations of atrial and brain natriuretic peptides, and changes in blood pressure in patients undergoing hip arthroplasty.
METHODS
The study was approved by the local hospital Ethics Committee. To investigate the clinical significance of natriuretic peptides in hip arthroplasty for fractured neck of femur, we measured plasma ANP and BNP levels before the operation and 20 minutes after the cementing in 18 patients (54 to 90 years old) and assessed the relationship of these levels with hypotensive changes associated with cementing. Plasma concentrations of ANP and BNP were determined using immunoradiometric assay kits at Ohtsuka Asssay Laboratory in Osaka, Japan.
Anaesthesia was induced with intravenous propofol and maintained with sevoflurane, nitrous oxide and oxygen combined with epidural lignocaine and bupivacaine in a standard manner. Vecuronium bromide was administered intravenously to facilitate tracheal intubation. Acetate Ringer's solution was administered intravenously throughout the procedures. Clinical monitoring included a three-lead electrocardiogram, radial artery catheter, pulse oximetry and capnography. All patients had a central venous catheter placed in the right subclavian vein.
Continuous intravenous dopamine infusion (2 µg/kg/min) was started at the beginning of the surgery in order to change infusion rate quickly in case of critical hypotension. More than three minutes before cementing, nitrous oxide was discontinued and replaced with oxygen to reduce the volume of air emboli. The femoral prosthesis was handpressurized.
We defined a hypotensive response after cementing as a decrease in systolic blood pressure to more than 15 mmHg below the pre-cementing value. Hypotension after cementing was treated by an increased dopamine infusion if systolic blood pressure was <80 mmHg.
Patients were divided into those whose systolic pressure decreased by more than 15 mmHg within 20 min after application of cement and those whose systolic pressure change was less than 15 mmHg.
Two-way repeated-measures analysis of variance was used for values of ANP and BNP. Fisher's exact test was used for nominal and/or categorical variables.
RESULTS
Patient demographic variables, age, weight, sex, ASA physical status, and duration of anaesthesia were similar among groups ( Table 1) . None of the patients had renal disease preoperatively.
Preoperative values of ANP and BNP in the hypotensive group were significantly larger than those in normotensive group (Table 2) .
There was a tendency for the preoperative values of ANP and BNP in both groups to be larger than post-cementing values, although the difference was not statistically significant.
DISCUSSION
The purpose of this clinical trial was to investigate whether the perioperative level of natriuretic peptides correlates with clinical cardiovascular impairment.
Brain natriuretic peptide (BNP) is a cardiac hormone predominantly synthesized in and secreted from the cardiac ventricle. Compared with atrial natriuretic peptide (ANP), the plasma concentration of BNP is increased to a greater degree in patients with congestive heart failure and more rapidly in patients with acute myocardial infarction 10 . Hama and colleagues 10 showed that BNP gene can be one of the acutely responsive cardiac genes when ventricular overload occurs. Rapid ventricular induction of brain natriuretic peptide gene was seen in experimental acute myocardial infarction.
We compared perioperative values of ANP and BNP in the hypotensive group with those in the normotensive group. The results demonstrate that the preoperative values of ANP and BNP in the hypotensive group are significantly larger than those in the normotensive group. These findings suggest that preoperative values of ANP and BNP may be an indicator of patients at risk of hypotensive episodes during cemented arthroplasty. ANP and BNP may be better than ASA physical status for this purpose, as there was no significant difference in ASA status between the hypotensive and non-hypotensive groups. ANP and BNP plasma concentration could be measured before elective surgery to help in patient risk assessment.
In these high risk patients, we place a radial artery Data are presented as mean±SD unless otherwise noted. There was no difference in demographic characteristics. catheter and a central venous catheter and avoid induced hypotension for reduction in blood loss. Heidegger and colleagues reported a case of unsuccessful intraoperative resuscitation during hypotensive epidural anaesthesia 11 . We infuse lowdose dopamine continuously via a central venous line in high-risk patients such as these, allowing rapid titration of dopamine if required. Usually fat emboli are quickly mechanically degraded by the heart. Some patients with insufficient cardiac reserve may need inotropic support following even minor fat embolism. ANP and BNP may be predictors of the need for such inotropic support. There are two possibilities why preoperative values of ANP and BNP in both groups are larger than post-cementing values (although the fall was not statistically significant). One is that secretion of natriuretic peptides is stable but their concentrations were altered by fluid replacement of blood loss although in all cases blood loss during surgery was less than 500 ml. The other is that secretion was reduced. It is possible that an infusion of natriuretic peptide might prevent hypotension. This possibility should be explored in the future.
In conclusion, preoperative values of ANP and BNP are higher in patients who experience postcementing hypotension during hip arthroplasty than those who do not have hypotension. High ANP and BNP levels may be markers of inadequate myocardial reserve.
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